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AIM

We applied the Raman Spectroscopy (RS) imaging technique in order to improve the approach to the

diagnosis and grading of chondrogenic tumors

BACKGROUND

The differential diagnosis between enchondroma (EC) and chondrosarcoma (CS), as well as the grading

of CSs remains a challenging task even for experienced pathologists, with low consensus and

reproducibility.

These distinctions are important also to guide surgical management, which is the only effective form of

treatment.

The clinical behaviour of chondrosarcomas (CS) is strictly related to the histologic grade: grade I

chondrosarcoma metastasize only exceptionally, whereas in grade II CS and grade III CS the risk of

metastasis is significantly higher (up to 70%).

Chondrogenic tumors are the most frequent primary bone tumors.
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MATERIALS AND METHODS

DIAGNOSIS AGE SEX LOCATION TREATMENT FOLLOW UP

Enchondroma 45 M Proximal metaphysis right femur Curettage Alive, no evidence of disease (ANED)

Enchondroma 62 M Distal right femur Curretage ANED

Enchondroma 43 M Left proximal humerus Curettage ANED

Chondrosarcoma G1 17 F Left scapula Resection ANED

Chondrosarcoma G1 51 F Right humerus Curettage ANED

Chondrosarcoma G1 53 M VI rib Resection ANED

Chondrosarcoma G2 28 M Distal right femur Resection ANED

Chondrosarcoma G2 45 M Right hand Amputation ANED

Chondrosarcoma G3 33 F Pelvis Resection Local rec + LN mets at 6 months

Chondrosarcoma G3 50 M Left acetabulum Resection Local rec + lung mets at 12 months

10 patients with diagnosis of chondrogenic tumors:

3 enchondromas; 3 grade 1 chondrosarcoma, 2 grade 2 chondrosarcoma; 2 grade 3 chondrosarcoma



For each case, a formalin-fixed

paraffin-embedded tissue block

containing only tumor tissue

was selected. All specimens

were undecalcified.

Two sequential 5µ sections

were obtained from each

block. These were

deparaffinized, one was stained

with haematoxylin and eosin,

and the other was left

unstained and prepared for RS.
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RESULTS



1) Evidence of Collagen degradation

Proline (one of the three amino acids forming the collagen α-helix): band at 728, 830 and 1206 cm
-1



2) Evidence of increasing DNA (hypercellularity)

DNA: band at 481 cm

Ring breathing modes of DNA/RNA: band at 1373 

cm

-1

-1



Statistical analyses → LINEAR DISCRIMINANT ANALYSES (LDA) 

PURPOSE: verify whether significant differences between means or medians of samples of different typologies

of tissues are present and can represent a diagnostic tool

GOAL: good level of accuracy, specific and sensitivity towards a specific pathology

Enchondroma

CS grade 1

CS grade 2

CS grade 3



CONCLUSIONS

1) Progressive collagen degradation ranging from EC to CS G3 tissues.

2) Increasing cellularity from EC to CS G3 tissues.

3) Relevant biochemical change between CS G1 and CS G2, if compared to changes correspondent

to EC-CS G1, or CS G2-G3. This data is in agreement with this shift in the biologic behaviour of

CS G2 characterized by the acquisition of a metastatic potential.

4) The ability of Raman Spectroscopy to discriminate between the chondrogenic tumors grading with

90% of sensitivity, 90% specificity and 90% of accuracy demonstrated that the method is highly

cost-effective, being based solely on the analysis of unstained tissue sections. RS could therefore

complement conventional histopathology.
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